A predictive Leptogenesis scenario is presented based on the Minimal Lepton Flavour Violation symmetry. In the realisation with three right-handed neutrinos transforming under the same flavour symmetry of the lepton electroweak doublets, lepton masses and PMNS mixing parameters can be described according to the current data, including a large Dirac CP phase. The observed matter-antimatter asymmetry of the Universe can be achieved through Leptogenesis, with the CP asymmetry parameter ε described in terms of only lepton masses, mixings and phases, plus two real parameters of the low-energy effective description. This is in contrast with the large majority of models present in the literature, where ε depends on several high-energy parameters, preventing a direct connection between low-energy observables and the baryon to photon ratio today. Recovering the correct amount of baryon asymmetry in the Universe constrains the Majorana phases of the PMNS matrix within specific ranges of values: clear predictions for the neutrinoless double beta decay emerge, representing a potential smoking gun for this framework.
I. INTRODUCTION
The uncertainties on the measurements for the cosmic abundances of the lightest elements have improved considerably in the last decades, posing stringent constraints on the thermal history of the very early Universe. The observed abundances of protium, deuterium, 3 He, 4 He and Lithium, besides well agreeing with the predictions of the standard Big Bang Nucleosynthesis [1] , allow to deduce the value of the baryon to photon ratio today,
where N B,B,γ are the number densities of baryons, antibaryons and photons, respectively. An independent determination of η B is provided by the CMB measurements [2] that agrees with the value extracted from the lightest element abundances:
η B = (6.11 ± 0.04) × 10 −10 .
Despite being so tiny, this non-vanishing value poses one of the most relevant unsolved questions in particle physics and cosmology today: why are there more baryons than anti-baryons in the present Universe? In 1967, Sakharov first suggested that the baryon asymmetry of the Universe (BAU) might not represent some sort of initial condition, but could be understood in terms of microphysical laws that fulfil the following three conditions [3] : -Baryon number violation -C and CP violation -Departure from Thermal Equilibrium. * luca.merlo@uam.es † salvador.rosauro@uam.es Although Standard Model (SM) interactions satisfy all these three requirements, there is not enough CP violation to produce the measured value of BAU [4, 5] . Several alternative mechanisms have been proposed, typically extending the SM spectrum and/or its symmetries: GUT Baryogenesis, Electroweak (EW) Baryogenesis, the Affleck-Dine mechanism, Leptogenesis. The latter will be the focus in this paper as Baryogenesis through Leptogenesis [6] (see Refs. [7] [8] [9] [10] [11] [12] for update reviews on the subject), besides being promising in a large part of the associated parameter space, represents a framework where also other open problems of the SM of particle physics may find a solution: on the one hand the origin of neutrino masses and on the other hand the Flavour problem.
The small, but non-vanishing, masses of the light active neutrinos represent an experimental evidence of the incompleteness of the SM. The introduction of righthanded (RH) neutrinosà la type I Seesaw mechanism [13] [14] [15] [16] [17] is an elegant approach that explains the smallness of the active neutrino masses through the largeness of the masses of their RH counterparts. This mechanism provides the ingredients to explain the present amount of BAU: there is a leptonic source of CP violation and a source of Lepton number violation; RH neutrino decays may occur out-of-equilibrium, when the temperature drops below their masses. In consequence, out-ofequilibrium decays of the RH neutrinos might produce a lepton asymmetry that is then partially converted into BAU through non-perturbative sphaleron effects [18] : in the SM context,
with N F the number of flavour species considered. It follows that the more anti-leptons are produced, the more baryons are generated, with a rate that is approximately close to 1/3. The basic quantity in Leptogenesis is the parameter ε that measures the amount of CP asymmetry generated in the decays of the RH neutrinos ν R [6] : indicating with Γ
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andΓ the decay rates of ν R into leptons and antileptons respectively,
where L , and φ stand for the SU (2) L -doublet lefthanded (LH) leptons and the SU (2) L -doublet Higgs field, the CP asymmetry parameter is given by
with α (a) the flavour (RH neutrino mass) index. The analytic expression of the CP parameter ε depends on the product λ † λ, with λ the Dirac neutrino Yukawa coupling in the mass basis for the RH neutrinos and for the charged leptons. In the convention where the active neutrino mass term is defined by
where the mass matrix is diagonalised by the PMNS matrix U according tom
(the "ˆ" symbol is adopted here and in the following to refer to diagonal matrices), λ is a matrix in flavour space that can be written in the Casas-Ibarra parametrisation as follows [19] :
where v = 246 GeV is the EW vacuum expectation value (VEV), R a complex orthogonal matrix, andM the diagonal mass matrix of the RH neutrinos. This expression depends on 9 low-energy parameters, i.e. 3 active neutrino masses, 3 mixing angles, 1 CP violating Dirac phase and 2 CP violating Majorana phases, and on 9 high-energy ones, corresponding to the 3 RH neutrino masses and the 6 parameters of the matrix R. The latter is typically independent from the low-energy quantities and its parameters are arbitrary. In general, this prevents to uniquely determine the parameter ε in terms of low-energy observables and the RH neutrino masses. The use of flavour symmetries helps improving the predictivity in this scenario: as a flavour symmetry rules the interactions among the different fermion generations, the R matrix might be (partially) fixed, allowing to predict the value of ε (almost) just in function of neutrino masses, mixings and phases. Some examples can be found in Refs. [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] (see also Refs. [32, 33] for predictive scenario not involving flavour symmetries).
The aim of the present paper is to investigate on a specific scenario where a continuous non-Abelian group is implemented in the Lagrangian as a global flavour symmetry, providing an exceptionally predictive framework for both Leptogenesis and low-energy observables. The symmetry under consideration is the one of the so-called Minimal Flavour Violation (MFV) in the lepton sector (MLFV), considering the type I Seesaw mechanism with three RH neutrinos. The MFV ansatz [34] consists in assuming that any source of flavour and CP violation in any theory Beyond the SM (BSM) is the one in the SM, i.e. the Yukawa couplings. This concept has been technically formulated in terms of the flavour symmetry of the fermion kinetic terms of a given Lagrangian [35] : the flavour group is a product of a U (3) factor for each fermion in the spectrum, and it is U (3)
6 [36] [37] [38] [39] [40] for the type I Seesaw mechanism with 3 RH neutrinos. The Yukawa interactions are the only terms of the renormalisable Lagrangian that are not invariant under the flavour symmetry, unless the Yukawa couplings are promoted to be fields, dubbed spurions, transforming non-trivially under U (3) 6 . In the original proposal [35] , the Yukawa spurions are dimensionless, non-dynamical fields that acquire background values (they could be interpreted as VEVs if the spurions were promoted to be dynamical fields [41] [42] [43] [44] ), breaking explicitly the flavour symmetry, and reproducing the measured values of fermion masses and PMNS angles and phases.
In the quark sector, any non-renormalisable operator containing fermion fields is, eventually, made invariant under the flavour symmetry by the insertion of suitable powers of the Yukawa spurions. Once the latter acquire their background values, the strength of the effects induced by such effective operators is suppressed by specific combinations of quark masses, mixing angles and CP violating phase. In consequence, the cut-off scale that suppresses any non-renormalisable operator can be of the order of a few TeV [35, [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] [58] , instead of hundreds of TeV as in the generic case [59] .
In the lepton sector, with the addition of three RH neutrinos, the predictive power of the MLFV is lost in the most generic case. Indeed, three quantities, and not only two as in the quark case, need to be promoted to spurions, i.e. the charged lepton Yukawa, the neutrino Dirac Yukawa and the RH neutrino Majorana mass matrices. A simple parameter counting reveals that it is not possible to uniquely determine the three spurion backgrounds in terms of lepton masses and PMNS parameters. This prevents to link the coefficients of flavour changing operators with low-energy quantities, with the consequent loss of predictivity. A way out is to reduce the symmetry content: in Refs. [36, 38] the non-Abelian part of the U (3) symmetry associated to the RH neutrinos was substituted for a simpler SO(3) plus the hypothesis of CP conservation; in Ref. [40] , instead, it was identified with the one of the lepton SU (2) L doublets, thus considering a vectorial SU (3) V flavour symmetry. Both approaches allow to reduce the number of spurions to two, restoring the predictivity of the models: the effects of any flavour changing effective operator can be described in terms of lepton masses and PMNS parameters [36-40, 60, 61 ]. An updated phenomenological analysis of these two differ-ent MLFV realisations has been recently presented in Ref. [62] . A fundamental distinction between them is that the CP conservation hypothesis of the SO(3) × CP version is disfavoured by the recent indication of a CP non-conserving Dirac phase in the PNMS matrix [63] [64] [65] [66] [67] [68] [69] .
Leptogenesis in the MLFV context has already been investigated in Ref. [70] (see also Refs. [71] [72] [73] [74] ), considering the SO(3) × CP version: in order to guarantee a leptonic source of CP violation necessary to explain the measured BAU, the CP conservation hypothesis has been relaxed; in consequence, the precise prediction of flavour effects at low-energy in terms of lepton masses, mixing and phases has been lost. The aim of this paper is to investigate Leptogenesis in the SU (3) V MLFV version introduced in Ref. [40] , where no additional hypothesis on CP is made and the present indication for the Dirac CP phase of the PMNS can be fulfilled.
The rest of the paper is structured as follows. The SU (3) V MLFV scenario under consideration is described in Sect II. The Leptogenesis CP asymmetry parameter ε and the Boltzmann equations are discussed in Sect. III. The numerical results are presented in Sect. IV, showing that a correct value for the BAU is achieved only in a part of the allowed parameter space, testable with (non-)observation of the neutrinoless double beta decay. Concluding remarks can be found in Sect. V.
II. THE MINIMAL LEPTON FLAVOUR VIOLATION WITH VECTORIAL SU (3)V
The use of flavour symmetries to explain the flavour puzzle in the SM goes back to 1978, when Froggatt and Nielsen [75] first introduced a single U (1) factor to describe the quark mass hierarchies and the CKM mixing matrix. Subsequent analyses also included the lepton sector [76] [77] [78] [79] [80] [81] , where however a larger freedom is present due to the lack of knowledge of some neutrino parameters. At the beginning of this century, the use of flavour discrete symmetries became very popular due to the high predictive power in the lepton sector of this kind of models [82] [83] [84] [85] . These constructions have been later extended to the quark sector, attempting to provide a unified explanation of the flavour puzzle [86] [87] [88] [89] [90] [91] [92] [93] [94] [95] [96] [97] [98] [99] , and they have been shown to be contexts where flavour violating processes are under control with new physics at the TeV scale [100] [101] [102] [103] [104] [105] [106] [107] [108] . Only in 2011, with the discovery of a non-vanishing and relatively large leptonic reactor angle [109] [110] [111] [112] [113] , strong doubts raised on the goodness of non-Abelian discrete models to describe Nature.
In this panorama, the idea of MFV 1 experienced a new revival of interest: this context is more predictive than 1 Despite being so predictive, the MFV only describes masses and mixings, but does not explain their origin: indeed, no justification is provided for the Yukawa spurion background. Improvements with this respect can be found in Refs. [41] [42] [43] [44] (see also Refs. [114] [115] [116] [117] [118] ). models based on the Froggatt-Nielsen U (1) and escapes from the rigidity of the discrete constructions. This section will summarise the main aspects of the MLFV scenario presented in Ref. [40] , fixing at the same time the notation used throughout this paper. Considering the SM spectrum supplemented with three RH neutrinos, the flavour symmetry characterising the
The distinction between Abelian and non-Abelian terms reflects the fact that the non-Abelian symmetry factors deal exclusively with the inter-generation hierarchies [41] [42] [43] [44] , while the Abelian ones may explain the hierarchies between the third generation fermions, such as the ratio m τ /m t . The choice of G A F in Eq. (9) is the result of using the freedom of rearranging the U (1) factors in order to identify the hypercharge, the Lepton number and transformations that act globally on the RH charged lepton fields only.
The part of the Lagrangian containing the kinetic terms is invariant under G
where e R are the RH charged leptons. Instead, this is not the case for the part describing the lepton masses. The Type I Seesaw Lagrangian, which can be written as [40] 
describes the light active neutrino masses at low-energy through the so-called Weinberg operator [119] ,
where φ ≡ iσ 2 φ * , Y e , Y ν and Y M are 3 × 3 matrices in the flavour space, µ L is the scale of lepton number violation and e is a constant that will be associated to the breaking of the U (1) e R symmetry. By the first Shur's lemma, as L and ν R transform as triplets under the same symmetry factor, Y ν is necessarily a unitary matrix and can be redefined away with a SU (3) V transformation [29, 40] 
and under
the mass Lagrangian is formally invariant under the entire flavour symmetry. Lepton masses and mixings arise only once the spurion fields acquire background values, breaking explicitly the flavour symmetry: in the charged lepton mass basis,
where e and µ L are respectively a dimensionless quantity and a mass. Notice that the same symbols have been used for the couplings in Eq. (11) , for the spurions in Eqs. (13) and (14), and for their background values in Eq. (15): it will be clear which is the meaning associated to each symbol in the formulae that follow. An estimate of e and of µ L follows by assuming that the largest eigenvalues of Y e and of Y M are 1 2 : then
where ∆m 2 atm ≈ 2.5×10 −3 eV 2 [67, 68] is the atmospheric squared mass difference of the light active neutrinos and the " " symbol reflects the fact that the absolute neutrino mass scale is still unknown. Within this setup, the expected mass scale of the RH neutrinos is of order µ L .
In the spirit of the MLFV, any non-renormalisable operator can be made invariant under the flavour symmetry by inserting suitable combinations of the spurions. Once the latter acquire background values, the strength of each operator gets suppressed by a combination of lepton masses and PMNS parameters. These extra suppressions allow to predict the rates for rare radiative lepton decays and lepton conversion in nuclei in agreement with present data with a new physics scale that suppresses the effective operators as low as the TeV (see Ref. [62] for a recent update).
Spurion insertions can be introduced not only in effective operators, but also in the renormalisable terms of the Lagrangian 3 . In particular, the introduction of spurions
2 Considering values larger than 1 would imply that multiple products of Yukawa spurions would be more relevant than the single spurions themselves, and then they should be treated in a nonperturbative approach [47] . 3 Some operators that are non-renormalisable in the description considered here appear in the list of the renormalisable ones if a non-SM Higgs field is considered, as described in the so-called Higgs Effective Field Theory [120] [121] [122] [123] [124] [125] [126] [127] [128] [129] [130] [131] [132] [133] [134] [135] . As shown in Ref. [124, 126, 127, 133, [136] [137] [138] [139] [140] , a different phenomenology is expected with a non-SM Higgs in the spectrum. In the present paper, however, the standard formulation with a SU (2) L -doublet Higgs is retained.
in the Dirac Yukawa term will be shown to be necessary in order to achieve successful Leptogenesis. Considering only the most relevant contributions, the Dirac Yukawa term can be written as
where c 1,2 are dimensionless real parameters that are taken to be smaller than 1 in order to enforce a perturbative approach 4 . Within this hypothesis, the expression for Y M in Eq. (15) holds in first approximation.
A. A Suitable Basis for Leptogenesis
The explicit computation of the ε parameter that controls the amount of CP asymmetry generated in the RH neutrino decays is typically performed in the mass basis for charged leptons and for RH neutrinos. The mass Lagrangian in this basis reads
where λ is the Dirac neutrino Yukawa in this basis.
Considering the background values of the spurions in Eq. (15), λ reads
whereŶ e is defined in Eq. (15), whilê
The two parameters c 1 and c 2 control the complex contributions coming from the PMNS matrix and the real contributions coming from the diagonal RH neutrino mass matrix, respectively. They are expected to be of the same order of magnitude and they will be taken equal to each other in what follows in order to simplify the study of the parameter space. It will be shown a posteriori that relaxing this condition has not relevant impact on the results as far as they are taken of the same order of magnitude. The relevance of the spurion insertions becomes evident computing the value of three specific weak-base invariants [20] , related to the CP violation responsible for Leptogenesis:
It is straightforward to show that the three invariants depend on the combinations Im λ † λλ † λ α =β : if λ was taken without the spurions insertions, then λ = U and the three invariants together with the parameter ε would vanish.
III. BARYOGENESIS TROUGH LEPTOGENESIS
The prediction for the baryon asymmetry in the Universe requires to compute the CP asymmetry parameter ε and to take into consideration its evolution during the expansion of the Universe, which depends on the interactions that are in thermal equilibrium at different temperatures. With this respect, the value of the RH neutrino mass scale µ L is a fundamental parameter as it identifies different flavour regimes [141] [142] [143] [144] [145] [146] [147] : the lower µ L is, the more relevant the flavour composition of the charged leptons produced in the RH neutrino decays is. For the SU (3) V MLFV framework, µ L 10 14 GeV and it corresponds to the so-called unflavoured regime, where the charged lepton flavour does not play any role. Indeed, the only relevant interactions at these energies are the Yukawa ones, which induce RH neutrino decays, and the gauge ones that are flavour blind: lepton and anti-lepton quantum states propagate coherently between the production in decays and the later absorption from inverse decays.
In addition, the scale µ L identifies the reheating temperature necessary for the thermal production of the RH neutrinos [148, 149] : once the temperature drops below M a , the thermal production of the corresponding RH neutrino N a becomes irrelevant. This allows to identify a lower bound on the reheating temperature at about 10 13÷14 GeV in the MLFV scenario under consideration. The usually quoted upper bound of 10 6÷10 GeV does not apply as it is exclusively connected to the so-called gravitino problem in supersymmetry [150] [151] [152] .
Besides µ L , the splitting between the RH neutrino masses is also relevant: when the spectrum is highly hierarchical then the asymmetries produced by the heaviest states are typically (partially) washed out by the inverse decay of the lightest states (i.e. Lα (¯ Lα ) + φ * (φ) → ν Ra ) and by the 2 ↔ 2 scattering mediated by the lightest states (i.e. Lα + φ * ↔¯ Lα + φ); when instead the spectrum is degenerate, a resonance in the decay rate is present [153] [154] [155] [156] [157] [158] [159] [160] , which, however, is diluted due to the washout effects of all the three RH neutrinos. In the framework under consideration, depending on the mass of the lightest active neutrino, the spectrum varies from hierarchical to degenerate and therefore the computation of η B is not straightforward. In particular, when the heavier RH neutrinos also contribute to the final asymmetry, the flavour composition of the three RH neutrinos is relevant and need to be taken into consideration [29, 141, [161] [162] [163] : part of the asymmetry generated by a heavier RH neutrino may escape the washout from a lighter one; moreover, part of the final asymmetry may not come from the production in the RH neutrino decays, but from the dilution effects. The density matrix formalism [141, 143, [163] [164] [165] [166] (see Ref. [167] for an alternative flavour-covariant formalism) turns out to be extremely effective in these cases, and thus for the MLFV framework under discussion: it allows to calculate the asymmetry not only in the well definite regimes with a hierarchical or degenerate RH neutrino spectrum, but also in the intermediate cases, describing together the lepton quantum states and the thermal bath.
In the rest of this section, the density matrix approach will be adopted following Ref. [163] , fixing the notation and illustrating the procedure to follow, while in the next section the results of the numerical simulation will be presented. In the present analysis several contributions will not be considered, as their impact is not relevant for the results presented here: they are due to ∆L = 1 scatterings [168] [169] [170] [171] , thermal corrections [148, 172] , momentum dependence [171, 173] , and quantum kinetic effects [174] [175] [176] [177] .
The baryon-to-photon number ratio at recombination, whose best experimental determination is reported in Eq. (2), can be written in terms of the final B − L asym-
with c s = 28/79 defined in Eq. (3) for N F = 3, and N rec γ 37 the photon number density at recombination. The final B −L asymmetry results from the sum of the asymmetries generated by the three RH neutrinos, in case partially washed out by the inverse decays [141, 178] . It can be calculated solving the following system of four differential equations:
(23) The parameter z is the ratio between the lightest RH neutrino mass M light and the temperature of the bath, i.e. z ≡ M light /T . N X is any particle number or asymmetry X calculated in a portion of co-moving volume containing one RH neutrino in ultra-relativistic thermal equilibrium, that is N eq
, is given by [149, 163] 
where K n [z a ] is a modified Bessel function, satisfying to
The D a [z] terms are the RH neutrino decay factors [179] 
where the total decay rates Γ
where 
where g = g SM = 106.75 is the total number of degrees of freedom and M P l = 1.22 × 10 19 GeV the Planck mass. The second expression on the right-hand side of Eq. (26) contains the total decay parameters K a that measure the strength of the washout: they are defined as the ratio between the total decay widths of the RH neutrinos calculated at a temperature much smaller than M a and the Hubble parameter at T = M a , when the RH neutrinos start to become non-relativistic: explicitly,
where
For K a 1 the RH neutrinos decay and inverse-decay many times before entering the non-relativistic regime: in consequence their abundance is close to the equilibrium distribution and this case is dubbed strong washout regime. On the other side, for K a 1, called weak washout regime, the majority of the RH neutrinos decay completely out-of-equilibrium, already in the nonrelativist regime, and therefore their equilibrium abundance is exponentially suppressed by the Boltzmann factor. Introducing the notation of the so-called effective washout parameter [169] and of the equilibrium neutrino mass [181] [182] [183] ,
the total decay parameter can be written as
The W a [z] terms are the washout factors due to inverse decays [148, 180, 184] and ∆L = 2 processes [148, 180, 184] , which provide the two relevant effects for these values of the RH neutrino masses:
where the two factors are defined as
with α given by [29] On the other side, the ∆L = 2 processes have a relevant effect only for z z ∆ 1, where z ∆ is determined by
The P (a)0 factors are the flavour projectors along the a direction defined by
where λ is the Dirac Yukawa in Eq. (19) . The suffix "0" indicates that only the leading terms are considered. Finally, the flavoured CP asymmetry parameters ε (a) αβ are given by [153] [154] [155] [156] [157] [158] [159] [160] (a)
Tab. I also contains the neutrino mass square differences, while the value of the lightest neutrino mass is presently unknown. Moreover, it is still an open issue the ordering of the neutrino mass eigenstates: the so-called Normal Ordering (NO) refers to the case when m ν1 < m ν2 m ν3 while the Inverse Ordering (IO) to the case when m ν3 m ν1 < m ν2 . The labelling of the three ν i is determined by the flavour content of each mass eigenstate: ν 1 is the state with the largest contamination of ν e ; ν 2 is the one with an almost equally composition of the three flavours; ν 3 is the one almost exclusively defined as a equal mixture of ν µ and ν τ . The diagonal active neutrino mass matrix can thus be written in terms of the lightest neutrino mass as follows: for the NO and IO respectively,
(42) To match with the notation typically adopted in Leptogenesis, a different convention is chosen for the labelling of the RH neutrino mass eigenstates. For both NO and IO, N 1 always refers to the lightest eigenstate, N 2 to the next to lightest and the N 3 to the heaviest. In consequence,Ŷ M in Eq. (20) takes a different definition in terms of the three RH neutrino masses depending on the ordering of the spectrum: for the NO and IO respectively,
The lepton number violation scale µ L , the spurion background valueŶ M and the active neutrino masses are linked together by Eq. (20) . In consequence it is possible to identify a range of values for the lightest neutrino mass, given a value for the scale µ L and requiring that the largest entry ofŶ M is of order 1, according to the MLFV construction illustrated in Sect. II. Fig. 1 shows the profiles of the RH neutrino masses as a function of the lightest active neutrino mass m light for a NO spectrum. The plot for the IO case is very similar: the only difference is that the line corresponding to the next-to-lightest RH neutrino (in red) almost overlaps with the one of the lightest (in blue). The horizontal lines represent different values for the µ L scale, µ L = 10 15 , 10 16 , 10 17 GeV, and their crossing with the line of the heaviest RH neutrino mass (in green) identifies the lowest value that m light can take satisfying (Ŷ M ) ii ≤ 1. However, such a large µ L is not consistent with the hypothesis of thermal production of RH neutrinos, as the temperature of the Universe should be at least of the same order of magnitude as their masses. In the numerical analysis that follows, the lepton number violation scale is taken at µ L = 10
16 GeV: the corresponding heaviest RH neutrino mass satisfies M 3 < 10 16 GeV and the range of values for the lightest active neutrino mass is m light ∈ [0.003, 0.2] eV. In consequence, as shown in Fig. 1 , all the three RH neutrinos may contribute to the baryon asymmetry. Further discussion on the maximal temperature of the Universe and on the thermal production of the RH neutrinos will follow at the end of next section.
A. Baryon asymmetry in the Universe
This subsection is devoted to illustrate the results of the numerical analysis on the baryon asymmetry in the Universe. Under the assumption that the reheating temperature is close to the maximal temperature T max at a given instant, and solving the Boltzmann equations in Eq. (23) with the initial condition on z = M lightest /T max 0.06, the lepton asymmetry due to the out-of-equilibrium decay of the three RH neutrinos is partially washed out by inverse decays and ∆L = 2 processes. it corresponds to the temperature at which the washout due to inverse decays starts to be less relevant than the dilution effect due to the ∆L = 2 processes. The ∆W a lines start from z a = 5, satisfying the condition z a 1 as discussed below Eq. (35) . The profiles in Fig. 2 correspond to a specific choice for the lepton number violation scale, µ L = 10
16 GeV, the lightest active neutrino mass, m light = 0.003 eV, and the coefficients c 1 = c 2 = 0.01, and it refers to the NO spectrum. Considering the IO spectrum, the main difference resides in that the lines corresponding to the lightest and the nextto-lightest neutrinos (blue and red) almost overlap. Lowering µ L , taking larger values for m light or taking different values for c 1,2 , but still smaller than 0.1, does not change substantially the plot. Instead, for values c 1,2 ∼ 1, the washout effects of the heaviest neutrino become more relevant, although not changing the global picture. It follows from the fact that so large c 1,2 values induce large off-diagonal entries in λ in Eq. (19) and then the RH neutrino flavour directions have larger overlap.
The standard procedure consists in solving the Boltzmann equations with a final value z a = +∞, even if this not effective from a computational point a view. However, it is possible to identify a value z max such that η B is practically constant for z a > z max . The profile of η B as a function of z a is shown in Fig. 3 for three distinct benchmark points in the parameter space: in a good approximation z max = 20 and this value will be adopted in the rest of the analysis.
Moreover, Fig. 3 leads to the conclusion that η B strongly depends on the specific benchmark point chosen and in consequence one may expect that only a small percentage of points in the whole parameter space accommodates the current determination of η B . This is reflected in the scatter plots in Fig The cuspids at m light ∼ 0.008 eV in the NO and at m light ∼ 0.012 eV in the IO do not correspond to any cancellation in the ε αβ parameters, but they arise as a numerical output during the resolution of the Boltzmann equations. Fig. 5 shows the correlations existing between the Majorana CP phases and the lightest active neutrino mass for the NO case in 5a and for the IO in 5b and 5c, and between the two Majorana phases for the only IO case in 5d. The α 31 phase does not manifest any relevant correlation for the NO case. The plots suggest the presence of specific regions of the parameter space corresponding to a successful baryogenesis. For the NO case, one may conclude that α 21 and m light are highly correlated and, for a given value of m light , α 21 varies only inside a small interval. This is not the case for the Majorana phases in the IO case, where the allowed parameter space is much wider; however, the strong correlation between them in Fig. 5d identifies specific regions of values where η B agrees with data at 3σ.
The scatter plots shown in Figs. 4 and 5 are obtained with the Dirac CP phase within its 1σ confidence level, that nowadays is a large interval of ∼ 60
• and ∼ 80
• for the NO and IO respectively. These results have a very mild dependence on the value of this phase: by comparing the specific predictions for distinct fixed values of δ CP , no relevant differences can be appreciated.
On the other hand, these plots highly depend on the values of c 1 = c 2 : for smaller values, for example c 1 = c 2 = 0.001, η B is predicted to be smaller than its experimental determination at 3σ in the whole range for m light and for both NO and IO; for larger values, for example c 1 = c 2 = 0.1, points with η B = 6 × 10 −10 can be found for any value of m light and in both NO and IO, but no correlation between Majorana phases and m light are present. In the latter case, a successful description of BAU is the result of an occasional cancellation between the contributions to η B obtained solving the density matrix equations in Eq. (23) .
The subjacent hypothesis to the numerical result shown above is that the maximal temperature of the Universe is T max = µ L = 10 16 GeV, implying that the three RH neutrinos are thermally produced and contribute to the final value of η B . If a lower value for T max is taken, then the heaviest neutrinos may not be thermally produced and their contributions would be negligible. Fig. 6 shows the effect on the final value of η B of lowering the value of T max , for a normal hierarchical active neu- trino spectrum on the left, for an inverse hierarchical one in the middle, and for a degenerate spectrum on the right. The axes represent the final value of η B considering T max = 10
16 GeV and T max = 10 15 GeV. The two parameters c 1 and c 2 have been fixed at 0.01, while two values for m light have been considered, m light = 0.006 eV for the first two plots and m light = 0.2 eV for the one on the right. Each point in the plots corresponds to a given random choice of the rest of parameters: in this way, it is possible to clearly identify on the final value of η B the impact of the temperature dependence and therefore the impact of the heavier sterile neutrinos. The diagonal red line drives the eye to tell when η B is larger for T max = 10
16 GeV or for T max = 10 15 GeV: if the points align along the diagonal, then either the heaviest sterile neutrino would not contribute to the final value of η B or the three of them are thermally produced even considering the lowest temperature case; if all the points cover the region on the right of the diagonal, then the heaviest sterile neutrino does have an impact and its contribution sums constructively with the ones from the lightest states; in the opposite case, i.e. all the points on the left of the diagonal, its contribution sums destructively with the other ones.
Focussing first on the normal hierarchical case (plot on the left), the points cover an area along the diagonal, with a small preference for η B at T max = 10 16 GeV. Any fixed value of η B at T max = 10
16 GeV corresponds to the same values of η B at T max = 10
15 GeV, whiting a factor 2 ÷ 3. Moreover, there are points where the η B matches with the experimentally allowed regiones (inside the parallel continuous black lines) and many others where this does not occurs. This lets conclude that the value of η B strongly depends on the specific set of parameters, especially Majorana phases, considered, as already pointed out in Fig. 4 . Moreover, the value for η B with T max = 10
16 GeV, where all the three sterile neutrinos contribute, are within a factor 2 ÷ 3 similar to the ones for η B with T max = 10
15 GeV, where only the lightest ones are relevant. The small preference for the region where η B with T max = 10 16 GeV indicates that the impact of the heaviest sterile neutrino is often not negligible and slightly increases the final value of η B . It follows that Fig. 4(a) , where the points show that η B spans a few order of magnitudes, is a good representative for this scenario with T max = 10 16÷15 GeV and for a hierarchical spectrum.
For the inverse hierarchical case (plot in the middle), the largest majority of the points cover the region for η B with T max = 10 16 GeV, indicating that the heaviest sterile neutrino typically contributes to the final value of η B , increasing its value. Moreover, only for T max = 10
16 GeV, η B reaches the experimentally allowed region, indicating that the heaviest sterile neutrino contributions are necessary. As a result, Fig. 4(b) fairly represents only the case with T max = 10
16 GeV.
Finally, focussing to the degenerate spectrum (plot on the right), all the points strictly align with the diagonal, indicating that η B does not change for T max = 10 15 GeV or 10 16 GeV. This was expected because for m light = 0.2 eV all the three sterile neutrinos have masses below T max = 10
15 GeV and therefore are the three of them thermally generated. Both the plots in Fig. 4 well represent this scenario with T max = 10 16÷15 GeV for the degenerate spectrum.
The plots equivalent to those in Figs. 4 and 5(a) for T max = 10
15 GeV can be found in App. A. As can be seen, the NO case is essentially unaffected by the change of the temperature, while the IO one presents a difference for small values of m light where η B does not reach the experimental band.
B. Low-energy phenomenology
The reduction of the allowed parameter space for the Majorana phases in the c 1 = c 2 = 0.01 case, Fig. 5 , has an impact on the predictions for the neutrinoless double beta decay effective mass m ee , defined by 
where c ij and s ij stand for cos θ ij and sin θ ij , respectively. The investigation on this decay has received a strong impulse in the last decades and numerous experiments are currently competing to probe the existence of this process, as its observation would automatically infer that neutrinos have (at least partly) Majorana nature [187] . Tab. II reports the lower bounds on |m ee | sensitivity for near future 0ν2β experiments that will be considered in the following. 
An observation of the neutrinoless double beta decay in the present experiments, if fully interpreted in terms of Majorana neutrino exchange, would be crucial to determine the values of the Majorna phases for which a successful BAU occurs. Once determined the ordering of the active neutrino mass spectrum, a
V. CONCLUSIONS
The MFV ansatz works extraordinary well in the quark sector accommodating a huge amount of experimental measurements. If an underlying dynamics is the reason behind this hypothesis, then it is natural to expect a similar mechanism at work also in the lepton sector. Two distinct versions of the MLFV can be considered when the SM spectrum is extended by the three RH neutrinos: only if the latter transform under the same symmetry of the lepton electroweak doublets [43] ,
V , then violation of the CP symmetry can be described according to the recent experimental indication.
The presence of non-vanishing CP violating phases in the leptonic mixing may be the missing ingredient in the SM to successfully describe the baryon asymmetry in the Universe. In this paper, baryogenesis through Leptogenesis has been considered for the first time within the context of the SU (3) V MLFV framework, resulting in a very predictive setup where the ε parameter that describes the amount of CP violation in Leptogenesis only depends on low-energy parameters: charged lepton and active neutrino masses, PMNS parameters and two parameters of the low-energy effective description.
Fixing the two effective parameters at their natural value 0.01, when a baryon to photon ratio today agrees with its experimental determination at 3σ then correlations between the Majorana phases and the lightest active neutrino mass arise. The latter can be analysed considering the impact in the neutrinoless double beta decay observable: only selected regions of the whole |m ee | Lowering T max implies that the heaviest sterile neutrinos may not be thermally produced, preventing in this way their contributions to the final value of η B . Fig. 8 shows the results for T max = 10 15 GeV. Comparing these plots with those in Fig. 4 , the NO case is essentially unaffected by this change, as also confirmed by the correlation plot showing the behaviour of the Majorana phase α 21 vs m light when compared with the equivalent plot in Fig. 5(a) . The IO case presents a sustancial difference, as η B does not reach the experimental band for small values of m light . 
